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,QWURGXFWLRQ
7KH UHVSHFW RI WKH VDIHW\ UHTXLUHPHQWV WDNHV DQ LPSRUWDQW SDUW LQWR WKH JOREDO VDIHW\ RI D FRPSOH[
V\VWHP&RQVHTXHQWO\LWLVLPSRUWDQWWRWUDFHWKDWDOOWKHVHUHTXLUHPHQWVDUHSUHVHUYHGDWHDFKVWHSRIWKH
FULWLFDO VRIWZDUH GHVLJQ SURFHVV 7KHUH LV DQ LPSRUWDQW ZRUN WR EH SHUIRUPHG XVLQJ WKH LQIRUPDO
VSHFLILFDWLRQEHIRUH HQWHULQJ WKH LPSOHPHQWDWLRQSURFHVV$ ORW RI UHTXLUHPHQWV DUHGLIILFXOW WR H[SUHVV
DQG WRDVVHVVXVLQJIRUPDOPHWKRGV ,QRUGHU WRSHUIRUPWKLVFULWLFDO WDVN WKHXVHRIDKXPDQH[SHUWLVH
FDQQRWEHDYRLGHG'HIRVVH]HWDO7KHXSVWUHDPUHTXLUHPHQWVDQDO\VLVPD\EHDVVLVWHGZLWKVRPH
JUDSKLFDOWRROVXVLQJ80/QRWDWLRQV%RRFKHWDO+RZHYHUWKHPDLQSUREOHPWREHVROYHGPD\EH
WKHFKRLFHRIWKHDGHTXDWHWRRODQGLWVLQWHJUDWLRQLQWRDJOREDOVDIHW\RULHQWHGGHVLJQSURFHVV
7KHDGHTXDF\RIWKH%PHWKRG$EULDO-5WRSURGXFHDYDOLGVRIWZDUHLPSOHPHQWDWLRQLVZHOO
NQRZQLQWKHJXLGHGWUDQVSRUWGRPDLQ%HKPHWDO1HYHUWKHOHVVWKHDVVHVVPHQWSUREOHPGRHVQRW
IRUELGXVLQJYDULRXVFRPSOHPHQWDU\IRUPDOLVPV7KHJOREDODSSURDFKFRQVLVWVLQLGHQWLI\LQJZKLFKNLQG
RIVHUYLFHVPD\EHSURYLGHGE\DSDUWLFXODU WRRODQG WRPL[ WKHPZLWKRWKHURQHV LQRUGHU WRDQDO\]HD
V\VWHP7KHPRGHOGULYHQHQJLQHHULQJ0'(-RXDXOWHWDOSURYLGHVDQLQWHUHVWLQJIUDPHZRUNLQ
RUGHUWRWUDQVPLWVSHFLILFDWLRQVDQGUHTXLUHPHQWVIURPRQHUHSUHVHQWDWLRQWRDQRWKHU
7KHFXUUHQWSDSHULVRUJDQL]HGDVIROORZV$ILUVWVHFWLRQSUHVHQWVWKHJOREDOGHVLJQSURFHVVEDVHGRQ
PRGHOLQJWKHLQIRUPDOVSHFLILFDWLRQXVLQJWKHVHPLIRUPDOODQJXDJH80/VHHVHFWLRQ$WWKHHQGRI
WKHSURFHVVWKH%PHWKRGLVXVHGWRSURYLGHDYDOLGLPSOHPHQWDWLRQ$VHFRQGVHFWLRQH[SODLQVKRZWKLV
PHWKRGRORJ\FDQEHHQULFKHGE\VRPHFRPSOHPHQWDU\WRROVIROORZLQJWKHVLPSOHSULQFLSOHWKDWWKHEHWWHU
DGDSWHGODQJXDJHIRUWKHH[SUHVVLRQRIWKHNQRZOHGJHRIDQH[SHUWLVLWVRZQODQJXDJH7KHWKLUGVHFWLRQ
SURSRVHGDQLOOXVWUDWLRQ$SDUWLFXODUPRGHOLQJWRROZKLFKXVDJHLVMXVWLILHGE\WKHLQGXVWULDOSUDFWLFHLV
LQWHJUDWHGLQWRRXUVDIHW\GHVLJQRULHQWHGDSSURDFKLQRUGHUWRHQULFKWKHLQLWLDOVDIHW\VSHFLILFDWLRQZLWK
WKHNQRZOHGJHRIDQH[SHUWRIWKHGRPDLQ7KHODVWVHFWLRQSUHVHQWVDGLVFXVVLRQDERXWWKHOLPLWVRIWKH
SUHVHQWHGZRUNVDQGSURSRVHVVRPHSHUVSHFWLYHV
)URPWKHLQIRUPDOVSHFLILFDWLRQWRZDUGVDVDIHLPSOHPHQWDWLRQ
7KH%0HWKRG
7KH%PHWKRG LVRQHRI WKHGHYHORSPHQWPHWKRGDSSUHFLDWHG LQ WUDQVSRUWDWLRQ LQGXVWULHV IRUFULWLFDO
VRIWZDUHGHVLJQ$V H[DPSOHVRI LWV XVH LQ WKLV GRPDLQRU RWKHUZH FDQ FLWH WKHGHYHORSPHQWRI WKH
DXWRPDWLF WUDLQ RSHUDWLQJ V\VWHP RI 0(7(25 %HKP HW DO  DV ZHOO DV LQ OHVV ZHOONQRZQ
GHYHORSPHQW SURMHFWV &DUQRW HW DO  'HKERQHL HW DO  DQG HYHQ QRQFULWLFDO GHYHORSPHQW
SURMHFWV7DWLERXsWHWDO
7KHDLPRIWKLVVHFWLRQLVWRJLYHDFRQFLVHRYHUYLHZRIWKHPHWKRGLQRUGHUWRSURYLGHUHDGHUVZLWKWKH
EDVLFV QHFHVVDU\ WR XQGHUVWDQG RXU ZRUN 7KH VRIWZDUH LQGXVWU\ DGRSWHG % ODUJHO\ EHFDXVH RI WKH
DYDLODELOLW\RIVRIWZDUHWRROVVXSSRUWLQJDOOSKDVHVRIWKH%GHYHORSPHQWSURFHVVVHPDQWLFVYHULILFDWLRQ
UHILQHPHQWSURYLQJDXWRPDWLFFRGHJHQHUDWLRQ
7KHPDLQDGYDQWDJHRIWKHPHWKRGLVWKHSRVVLELOLW\WRJHQHUDWHWKHFRGHFRUUHVSRQGLQJWRWKHV\VWHP
VSHFLILHGLQ%7KH%PHWKRGLVEDVHGRQWKHVHWWKHRU\WRH[SUHVVWKHHQWLWLHVWKDWDUHPDQLSXODWHGWKH
SUHGLFDWH FDOFXOXV WR H[SUHVV SURSHUWLHV RQ WKH HQWLWLHV WKH JHQHUDOL]HG VXEVWLWXWLRQ WR H[SUHVV WKH
EHKDYLRU RI WKH HQWLWLHV 7KH GHYHORSPHQW SURFHVV LV EDVHG RQ UHILQHPHQWV WKDW DOORZ IURP DQ DEVWUDFW
VSHFLILFDWLRQRIDV\VWHPWRGHYHORSLWDQGWRDGGWKHGLIIHUHQWSURSHUWLHVRIWKLVV\VWHP
/HWXVJLYHDQH[DPSOHRIDOLWWOHSLHFHRI%VSHFLILFDWLRQ$SURSHUW\IRUDUDLOZD\V\VWHPLVWKDWWKHUH
LVQRWPRUHWKDQRQHWUDLQRQDWUDFNWKHOLQHLVFRPSRVHGRIVHYHUDOWUDFNV,IWZRDEVWUDFWVHWV75$,16
DQG 75$&.6 FRUUHVSRQG WR WKH WUDLQV ZKLFK FDQ EH IRXQG RQ WKH GLIIHUHQW 75$&.6 WKH WUDLQ
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ORFDOL]DWLRQSURSHUW\YDULDEOHWUDLQBORFDOL]DWLRQLQWKHIROORZLQJ%VSHFLILFDWLRQFDQEHH[SUHVVHGE\D
WRWDO LQMHFWLRQ EHWZHHQ 75$,16 DQG 75$&.6 $IWHUZDUG LQ WKH UHILQHPHQW RI WKH VSHFLILFDWLRQ WKH
SUHVHUYDWLRQRIWKLVSURSHUW\KDVWREHSURYHG

6<67(0
 /,1(
6(76
 75$&.675$,16
9$5,$%/(6
 WUDLQBORFDOL]DWLRQ
,19$5,$17
 WUDLQBORFDOL]DWLRQ75$,16!!75$&.6
,1,7,$/,6$7,21
 WUDLQBORFDOL]DWLRQ75$,16!!75$&.6
 
(1'
)LJ$%VSHFLILFDWLRQH[DPSOH
7KH%PHWKRGLVDYHU\LQWHUHVWLQJPHWKRGWRGHYHORSV\VWHPVIRUPDOO\EXWWKHPDLQGLIILFXOWLHVDUH
ILUVWO\WRILQGWKHDEVWUDFWVSHFLILFDWLRQVDQGWRGHFRPSRVHWKHPLQWRVHYHUDOVXEV\VWHPVDQGVHFRQGO\
WRGHDOZLWKVRPHSURSHUWLHVWKDWFDQQRWEHHDVLO\H[SUHVVHGLQ%)RUWKDWUHDVRQVXSVWUHDPDFWLYLWLHVDUH
QHFHVVDU\ WR IDFLOLWDWH WKH GHFRPSRVLWLRQ DQG VRPH SURSHUWLHV KDYH WR EH YDOLGDWHG XVLQJ H[WHUQDO
IRUPDOLVPVH[WHUQDOWRROV
5HTXLUHPHQWVPRGHOLQJXVLQJ80/6\V0/
7KH80/QRWDWLRQ8QLILHG0RGHOOLQJ/DQJXDJHSURYLGHVVRPHJUDSKLFDO WRROV LQRUGHU WRPDQDJH
WKH FRQFHSWLRQ SURFHVV ,W FRPH IURP WKH PHUJHU RI PDLQ REMHFW RULHQWHG PHWKRGV DV 207 2EMHFW
0RGHOLQJ 7HFKQLTXH RU %RRFK 	 -DFREVRQ DQG ZDV QRUPDOL]HG E\ WKH 2EMHFW 0DQDJHPHQW *URXS
20*,WKDVQRZEHFRPHDQLQGXVWULDOVWDQGDUGWRPRGHOV\VWHPV
20*SURSRVHGLQDVXEVHWRI80/ZLWKVRPHDGGLWLRQDOH[WHQVLRQVWRVDWLVI\WKHUHTXLUHPHQWV
RI WKH ODQJXDJH 7KLV VXEVHW QDPHG 6\V0/ LV D JHQHUDOSXUSRVH PRGHOOLQJ ODQJXDJH IRU V\VWHPV
HQJLQHHULQJWKDWVDWLVILHVWKHUHTXLUHPHQWVRIWKH80/IRU6\VWHPV(QJLQHHULQJ20*
7UDQVPLWWLQJWKH%VSHFLILFDWLRQLQWRWKH%SURFHVV
7KHDLPRIRXUZRUNLVWRSURGXFHD%VSHFLILFDWLRQIURPD80/6\V0/VSHFLILFDWLRQ$V80/ODFNV
LQVHPDQWLFSUHFLVLRQVRPHFKRLFHVKDYHWREHPDGHGXULQJWKHWUDQVIRUPDWLRQ)URPDWHFKQLFDOSRLQWRI
YLHZFRPLQJIURPDVHPLIRUPDOUHSUHVHQWDWLRQWRDIRUPDORQHLVQRWUHDOO\QDWXUDO
7KHUHDUHWZRSDWKVZKLFKDOORZJRLQJWKURXJKWKLVGLIILFXOW\7KHILUVWRQHLVWRXVHDVXEVHWRI80/
ZKLFK FRQWDLQV QR VHPDQWLF DPELJXLW\ ZKHUHDV WKLV VXEVHW KDV WR EH SRZHUIXO HQRXJK WR GHDO ZLWK D
SDUWLFXODUUDQJHRISUREOHPV7KHVHFRQGRQHLVWRDVNDQH[SHUWWRJLYHVRPHFRQWH[WXDOLQIRUPDWLRQLQ
RUGHUWRVROYHWKHVHPDQWLFDPELJXLW\$VDQLOOXVWUDWLRQWKHIROORZLQJVHFWLRQGHVFULEHVDWUDQVIRUPDWLRQ
RIDVXEVHWRI80/EDVHGRQD UHVWULFWHGXVHRI WZRSDUWLFXODUGLDJUDPV7KH WHFKQLFDODVSHFWVDUHQRW
GHWDLOHGEXWWKH\FDQEHIRXQGLQ-DEULHWDO
7RIDFLOLWDWHWKHXVHRIRXUWUDQVIRUPDWLRQWRROVZHFKRRVHWRSURGXFHDWZRZD\WUDQVIRUPDWLRQ7KH
ILUVWRQHFDQGLUHFWO\WUDQVODWH80/GLDJUDPLQWR%VSHFLILFDWLRQ%XWIRUVRPHSURSHUWLHVZHKDYHWRXVH
DVHFRQGZD\ZKLFKDOORZVXVWRLQWHJUDWHDQLQGXVWULDOSURFHVVWRH[SUHVVVDIHW\FULWLFDOSURSHUWLHV,QWKH
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QH[WVHFWLRQZHJLYHDQRYHUYLHZRIWKHWUDQVIRUPDWLRQ7KHPDLQREMHFWLYHLVWRNHHSWKHWUDFHDELOLW\RI
WKHH[SUHVVHGSURSHUWLHV

80/
6SHFLILFDWLRQV
,QIRUPD/
6SHFLILFDWLRQV
$XWRPDWLF
WUDQVIRUPDWLRQ
$LGHG
WUDQVIRUPDWLRQ
%
6SHFLILFDWLRQV
+LJK/HYHO3HWUL1HWV
6SHFLILFDWLRQV
3HWUL1HWV
6SHFLILFDWLRQV
3HWUL1HWV
6SHFLILFDWLRQV
ZLWK6DIHW\FRQVWUDLQWV 
)LJ2YHUYLHZRIWKHDSSURDFK
,QDVHFRQGZD\ZHSURSRVHWRWUDQVODWHWKH80/VSHFLILFDWLRQLQWRD3HWULQHWPRGHO7KHUHDUHWZR
NLQGVRIPRWLYDWLRQVIRUXVLQJD3HWULQHWPRGHO7KHILUVWRQHOLHVLQWKHIDFWWKDW3HWULQHWVDUHDIRUPDO
PRGHOZKLFKDOORZVWURQJDQDO\VLVDQGIRUPDOSURYHV$VDQH[DPSOHLQ-DEULHWDODQH[KDXVWLYH
OLVW RI WHVWV WR EH JHQHUDWHG LV DXWRPDWLFDOO\ GHULYHG IURP WKH UHDFKDELOLW\ JUDSK RI D 3HWUL QHW ZKLFK
FRUUHVSRQGVWRWKH80/VSHFLILFDWLRQ7KLVFRUUHVSRQGVWRWKHVSHFLILFDWLRQRIWKHWHVWVWREHSHUIRUPHG
LQRUGHUWRDVVLVWVDQ(5706(XURSHDQ5DLO7UDIILF0DQDJHPHQW6\VWHPYDOLGLW\FKHFNLQJ7KHVHFRQG
FODVV RI PRWLYDWLRQ HQVXHV IURP WKH H[SOLFLW PDWKHPDWLFDO UHSUHVHQWDWLRQ RI WKH V\QFKURQL]DWLRQ
PHFKDQLVPV 7KLV DOORZV VRPH SHUIRUPDQFH HYDOXDWLRQ ZKHQ WKHUH DUH WHPSRUDO LQIRUPDWLRQ LQ WKH
LQIRUPDO VSHFLILFDWLRQV7KH\PD\EH LQ D ILUVW VWHS LQWHJUDWHG LQ WKH80/PRGHOLQJ XVLQJ VRPH2&/
2EMHFW&RQVWUDLQWV/DQJXDJH IRUPXODWLRQV =LHPDQHWDO7KHQ WKH\DUH WUDQVPLWWHG LQWR VRPH
WHPSRUDOH[WHQVLRQVRI3HWUL1HWV%HUWKRPLHXHWDO
2QFHZHKDYHWUDQVODWHGRXUVSHFLILFDWLRQLQWRD3HWULQHWDQGZHKDYHWDFNOHGWKHVSHFLILFVSURSHUWLHV
ZHWUDQVODWH3HWULQHWPRGHOLQWR%VSHFLILFDWLRQVDQGWKHQZHFDQXVHDFODVVLFDO%GHYHORSPHQWSURFHVV
&DVHVWXG\DQLQWHUORFNLQJLOOXVWUDWLRQ
$QLQGXVWULDODSSURDFK
7KH FXUUHQW VHFWLRQ SUHVHQWV WKH LQWHJUDWLRQ RI DQ LQWHUORFNLQJ VDIHW\ VSHFLILFDWLRQ LQ WKH JOREDO
PHWKRGRORJ\XVHGLQWKLVSDSHU
61&) XVHV DQ RSHUDWLQJ PHWKRG IRU WKH IRUPDO YDOLGDWLRQ RI LQWHUORFNLQJ V\VWHPV $QWRQL HW DO
D,WLVEDVHGRQDIRUPDOSURRIPHWKRGE\DVVHUWLRQZKLFKFRYHUVHTXDOO\WKHVSHFLILFDWLRQDQGLWV
UHDOVRIWZDUHLPSOHPHQWDWLRQ$QWRQLHWDOE7KHPHWKRGYDOLGDWHVIRUPDOO\WKHQHZFRPSXWHUL]HG
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V\VWHPVRIH[LVWLQJ)UHQFKLQWHUORFNLQJV\VWHPVZLWKUHDOWLPHIXQFWLRQDOLQWHUSUHWHG3HWULQHWV$QWRQLHW
DOF
7R VXP XS WKHUH LV D SDUW RI WKH LQGXVWULDO V\VWHP ZKLFK LV ERWK VSHFLILHG DQG YDOLGDWHG XVLQJ
GHWHUPLQLVWLF RUGLQDU\ 3HWUL1HWV ,Q WKLV FDVH WKHUH DUH VHYHUDO JRRGPRWLYDWLRQV WR NHHS WKH H[LVWLQJ
PRGHOLQJWRROVRUGLQDU\3HWULQHWV
7KH ILUVW RQH LV WKDW WKH PRGHOLQJ WRRO LV ZHOO ILWWHG IRU WKH FRQVLGHUHG SUREOHP E\ WKH V\VWHP
VSHFLDOLVWV ,Q RWKHU ZRUGV WKH\ KDYH QR SDUWLFXODU GLIILFXOWLHV WR H[SUHVV WKHLU NQRZOHGJH XVLQJ WKLV
JUDSKLFDO WRRO7KHVHFRQGRQHLV WKDW WKHVSHFLILFDWLRQFDQEHORFDOO\YDOLGDWHGXVLQJDPRGHOFKHFNLQJ
PHWKRGRORJ\ 7KH WKLUG RQH SURYLGHV D GHILQLWLYH DUJXPHQW WKH 3HWUL QHW PRGHO LV LQWHUSUHWHG E\ WKH
LQWHUORFNLQJDXWRPDWLVPVDQGWKHQGLUHFWO\H[HFXWHG$V3HWULQHWVDUHXVHGDVDSURJUDPPLQJODQJXDJH
IRUWKHLQWHUORFNLQJGHYLFHWKHPRGHOLVPDQGDWRU\E\WKHWHFKQRORJ\
8VLQJ0'(LQRUGHUWRSUHVHUYHWKHNQRZOHGJH
7KHWUDQVIRUPDWLRQSURFHVVFDQEHGHFRPSRVHGLQWRILYHVWHSV
'HVLJQLQJWKHPRGHOZLWKDJLYHQPRGHOLQJWRRO
'HVLJQLQJDPHWDPRGHORIWKHVRXUFHPRGHOLQJWRRODQGWKHGHVWLQDWLRQPRGHOLQJWRRO
'HILQLQJWKHWUDQVIRUPDWLRQUXOHV
([SUHVVLQJWKHWUDQVIRUPDWLRQUXOHVXVLQJDQDSSURSULDWHODQJXDJH
([HFXWLQJWKHWUDQVIRUPDWLRQ
$VLWLVH[SODLQHGLQWKHDERYHVHFWLRQWKHGHVLJQRIWKHVDIHPRGHOLVSURYLGHGE\LQGXVWULDOH[SHUWV
XVLQJDGHGLFDWHGPHWKRGRORJ\7KLVPRGHOLVDVVXPHGWREHH[SUHVVHGZLWKRUGLQDU\3HWULQHWV
$VZHZDQWWRWUDQVPLWWKLVVDIHW\DQGIXQFWLRQDOVSHFLILFDWLRQLQWRDQH[SHUWIUDPHZRUNWKHVRFDOOHG
³$WHOLHU%´WKHFRUUHVSRQGLQJPHWDPRGHOVDUHGHPDQGHG&RQFHUQLQJRUGLQDU\3HWULQHWVDPHWDPRGHO
FDQEHIRXQGLQWKHVFLHQWLILFOLWHUDWXUH&RPEHQDOHHWDO


)LJ3HWULQHWPHWDPRGHO
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7KHPHWDPRGHORI)LJ LV FRPSRVHGRI80/FODVVHV7KH URRWFRUUHVSRQGV WR WKH3HWULQHW ,W LV
FRPSRVHGRIDUFVHOHPHQWVZKLFKDUHDEVWUDFWLQWKH80/LQKHULWDQFHVHQVH
x(OHPHQWVDUHWUDQVLWLRQVDQGSODFHV
x$UFVDUHSODFH7RWUDQVLWLRQRUWUDQVLWLRQ7RSODFH
x3ODFHVDQGWUDQVLWLRQVPD\KDYHVHYHUDOLQSXWDQGRXWSXWDUFV
,GDQL  KDV VWXGLHG WUDQVIRUPDWLRQ IURP80/ WR%PDFKLQHV DQG WKH UHYHUVH SURFHVV$PHWD
PRGHORIDQDEVWUDFW%PDFKLQHPD\EHIRXQGLQLV3K'WKHVLV


)LJ*OREDOPHWDPRGHORIDQDEVWUDFW%PDFKLQHSURSRVHGE\,GDQL
$Q DEVWUDFW % PDFKLQH LV PRGHOHG E\ D PHWD FODVV %0DFKLQH ZKLFK LV FRPSRVHG RI VHYHUDO
FRPSRQHQWVFRUUHVSRQGLQJWRWKHVWDWLFDQGWKHG\QDPLFSDUWRIWKHV\VWHP7KHVWDWLFSDUWFRUUHVSRQGVWR
YDULDEOHV VHWV DQG FRQVWDQWV GHFODUDWLRQV 7KHVH GDWD DUH FKDUDFWHUL]HG E\ VRPH VR FDOOHG ³FODXVH
SURSHUWLHV´DQGLQYDULDQW7KHFRPSRQHQWRIWKHDEVWUDFW%PDFKLQHVHHILJFRUUHVSRQGVWRWKHGDWDLV
WKHPHWDFODVV%GDWD,WLVDOVRFRPSRVHGE\DVHWRIRSHUDWLRQV%2SHUDWLRQPHWDFODVVDVHWRILQYDULDQW
%,QYDULDQW&ODVVDVHWRISDUDPHWHU%SDUDPHWHUPHWDFODVVDQGILQDOO\WKHLQLWDOLVDWLRQ%,QLWLDOLVDWLRQ
PHWDFODVV
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)LJ7KH%0DFKLQHPHWDFODVV
7KHDEVWUDFW%'DWDPHWDFODVVLVLQWURGXFHGLQRUGHUWRVSHFLI\GDWDWREHGHFODUHGDWWKHOHYHORIWKH
DEVWUDFW%PDFKLQH
7KHG\QDPLFSDUWRIWKHV\VWHPLVPRGHOHGXVLQJWKH%2SHUDWLRQDQGWKH%,QLWLDOLVDWLRQ
&RQFHUQLQJWKH%2SHUDWLRQPHWDFODVVVHHIROORZLQJILJXUH LWVSHFLILHVSDUDPHWHUV%2S3DUDPHWHU
FODVV DQG VXEVWLWXWLRQV %6XEVWLWXWLRQ (YHU\ DFFHVV RI D%2SHUWLRQ WR D%'DWD LV FKDUDFWHUL]HG E\ D
W\SHPRGHOHGE\WKH©.LQGªDWWULEXWH

)LJ&RPSRQHQWVRIWKH%2SHUDWLRQPHWDFODVV
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7
3
3
7
7UDQVIRUPDWLRQVSHFLILFDWLRQ
7KH DLP LV WR VSHFLI\ KRZ D 3HWUL QHW PRGHO FDQ EH DXWRPDWLFDOO\ WUDQVIRUPHG LQWR D % DEVWUDFW
PDFKLQH/HWXVUHPDUNWKDWWKHUHLVDORVVRILQIRUPDWLRQLQWKHWUDQVIRUPDWLRQWKHUHLVQRZD\WRPRGHO
WKHSK\VLFDOORFDWLRQRIDJUDSKLFDOFRPSRQHQWRID3HWULQHWXVLQJD%DEVWUDFWPDFKLQHZKLFKGRHVQRW
FRQWDLQDQ\JUDSKLFDOLQIRUPDWLRQ


)LJ3HWULQHWPRGHODQGLWVFRUUHVSRQGLQJDEVWUDFW%PDFKLQH
7KHWUDQVIRUPDWLRQLVSHUIRUPHGH[HFXWLQJVHYHUDOIROORZLQJWUDQVIRUPDWLRQUXOHV
5XOH)RUHDFKSODFHDFRUUHVSRQGLQJLQWHJHUYDULDEOHLVFUHDWHGLQWKH%DEVWUDFWPDFKLQH)RUDOORI
WKHVH YDULDEOHV D FRQVWUDLQW LV LQWURGXFHG VSHFLI\LQJ WKDW WKLV YDULDEOH LV SRVLWLYH $ FRUUHVSRQGLQJ
LQLWLDOL]DWLRQ LV FUHDWHG LQ WKH % DEVWUDFW PDFKLQH DVVLJQLQJ D YDOXH HTXDO WR WKH PDUNLQJ RI WKH
FRUUHVSRQGLQJQRGHRIWKH3HWULQHW
5XOH  )RU HDFK WUDQVLWLRQ D FRUUHVSRQGLQJ % RSHUDWLRQ LV FUHDWHG ,WV DVVRFLDWHG SUHFRQGLWLRQ
VSHFLILHVWKDW%YDULDEOHVFRUUHVSRQGLQJWRWKHLQSXWDUFVRIWKHFRQVLGHUHGWUDQVLWLRQKDYHWREHDWOHDVW
HTXDOWR,QWKHFRUUHVSRQGLQJWUHDWPHQWYDOXHVRIYDULDEOHVFRUUHVSRQGLQJWRRXWSXWSODFHVKDYHWREH
LQFUHPHQWHGDQGYDOXHVFRUUHVSRQGLQJWRLQSXWSODFHVKDYHWREHGHFUHPHQWHG
5HPDUNV
$V ZH IRFXV RQ D GHWHUPLQLVWLF VSHFLDOL]DWLRQ RI RUGLQDU\ 3HWUL QHWV WKHUH DUH QR RFFXUUHQFHV RI
HIIHFWLYHFRQIOLFWVEHWZHHQWUDQVLWLRQV
7KHDERYHPHWKRGRORJ\KDVEHHQ WHVWHGXVLQJ$7/$WODV7UDQVIRUPDWLRQ/DQJXDJH LQ WKH(FOLSVH
IUDPHZRUN IRU UXOH VSHFLILFDWLRQV (FOLSVH$7/6RPHSUREOHPVRFFXUEHFDXVH WKH0HWDPRGHO
SURSRVHGE\,GDQLZDVFRQVLGHUHG³QRWHFRUHFRPSDWLEOH´E\WKHHFOLSVHSODWIRUP6RPHPRGLILFDWLRQVRI
KLVPHWDPRGHOKDGWREHLQWURGXFHG
0$&+,1(31BBSODFHV
9$5,$%/(6
33
,19$5,$17
31$7
31$7
23(5$7,216
35(3! 7+(1
7  3 3Œ3 3
(1'
35(3! 7+(1
7  3 3Œ3 3
(1'
,1,7,$/,6$7,21
3 
3 
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,QWHJUDWLRQRIWKHDEVWUDFWPDFKLQHJHQHUDWHGIURP3HWULQHWVLQWRWKHJOREDOVSHFLILFDWLRQ
6WDUWLQJIURPD%GHYHORSPHQWLWLVSRVVLEOHWRREWDLQDPRQROLWKLFFRGHIRUWKHVRIWZDUH7KLVFRGHLV
REWDLQHGE\IROORZLQJVHYHUDOVWHSVILUVWE\WUDQVIRUPLQJWKHSURMHFWLPSOHPHQWDWLRQLQWRWKHDSSURSULDWH
VRXUFHFRGHZKLFKGHSHQGVRQWKHWDUJHWODQJXDJHDQGWKHQE\OLQNHGLWLQJZKHQFRPSLOLQJZLWKWKH
SUHYLRXVVRXUFHFRGH,WLVDOVRSRVVLEOHWRREWDLQDVLQJOH%FRPSRQHQWE\LPSOHPHQWLQJWKHDOJRULWKP
GHVFULEHGLQ%HKQLD
7KHPDLQSULQFLSOHVRIWKLVDOJRULWKPDUHWRWUDQVODWHWZR%VSHFLILFDWLRQVFRQQHFWHGE\DUHILQHPHQW
RUDFRPSRVLWLRQOLQNLQWRDVLQJOHRQH7KHSURSHUWLHVDUHWKHSURSHUWLHVRIWKHRULJLQDOVVSHFLILFDWLRQV
HQULFKHGZLWKDVSHFLILFSDUWWKDWH[SUHVVHVWKHQDWXUHRIWKHOLQNEHWZHHQWKHWZRGLIIHUHQWVSHFLILFDWLRQV
$GHWDLOHGDOJRULWKPFDQEHIRXQGLQ%HKQLDDQGWKH%5,//$17SODWIRUPLPSOHPHQWVWKLV
DOJRULWKP&ROLQHWDO
'LVFXVVLRQDQGSHUVSHFWLYHV
,QWKLVSDSHUDJOREDOGHVLJQDSSURDFKEDVHGRQ%SURFHVVLVSUHVHQWHGIRUFULWLFDOVRIWZDUHGHVLJQ$W
WKHLQLWLDOVWHSVUHTXLUHPHQWVDUHILUVWPRGHOHGXVLQJDVHPLIRUPDO6\V80/ODQJXDJH7KHQWKH80/
PRGHOLVWUDQVODWHGLQWRD%DEVWUDFWPDFKLQHLQRUGHUWRHQWHUD%SURFHVV7KHPDLQSURSRVLWLRQRIWKLV
SDSHU LV WR LQWHJUDWH VRPH RWKHU VSHFLILFDWLRQ ODQJXDJHV LQ RUGHU WR LQWHJUDWH VRPH VSHFLILF NQRZOHGJH
ZKLFKFDQEHH[SUHVVHGE\H[SHUWV ,Q WKLVSDSHU DFDVH VWXG\XVLQJ3HWULQHWV LVSUHVHQWHG ,Q)UDQFH
,QWHUORFNLQJVDIHW\FRQVWUDLQWVDUHH[SUHVVHGXVLQJWKLVWRRO
7KH 0'( )UDPHZRUN LV XVHG LQ RUGHU WR NHHS WKLV VDIHW\ EHKDYLRUDO VSHFLILFDWLRQ GXULQJ WKH
WUDQVODWLRQ LQWR%DEVWUDFWPDFKLQHV7KH ODVW WHFKQLFDO VWHS LV WKHQ WR LQWHJUDWH WKHGLIIHUHQW%DEVWUDFW
PDFKLQHVSURGXFHGE\WKH%VSHFLILFDWLRQDQGSURGXFHGE\WKH3HWULQHWVSHFLILFDWLRQLQWRDVLQJOHRQH
7KLV LVDFKLHYHGXVLQJDQDOJRULWKPRI WKHVWDWHRI WKHDUWZKLFK LV LPSOHPHQWHGE\ WKH%GHYHORSPHQW
SODWIRUPQDPHG%5,//$17
6RPHWHFKQLFDOSUREOHPVDUHLQWURGXFHGE\ WKHSUHVHQWHGPHWKRGRORJ\7KHDXWRPDWLFDOO\JHQHUDWHG
DEVWUDFWPDFKLQHVFRQWDLQDJUHDWQXPEHURIYDULDEOHVZKLFKDUHQRW VWUXFWXUDOO\UHODWHG&RQVHTXHQWO\
WKLVLVQRWVRFRQYHQLHQWWRH[SUHVVDQLQYDULDQWWREHFKHFNHGE\WKHDXWRPDWLFSURRIWRRO7KHVWUXFWXUH
RIDEVWUDFWPDFKLQHVSURYLGHGE\WKHWUDQVIRUPDWLRQRI+LJK/HYHO3HWULQHWVHHPVPRUHDSSURSULDWHDV
VWUXFWXUHRIWKHV\VWHPLVUHSUHVHQWHGE\FRORUV7KLVFULWLFDOSRLQWSURYLGHVVRPHUHVHDUFKSHUVSHFWLYHVWR
WKHZRUNVSUHVHQWHGLQWKLVSDSHU
$FNQRZOHGJHPHQWV
7KLVZRUNLVVXSSRUWHGE\WKH)UHQFK$159773$16$)(5SURMHFW
5HIHUHQFHV
$EULDO-57KH%%RRN$VVLJQLQJ3URJUDPVWR0HDQLQJV&DPEULGJH8QLYHUVLW\3UHVV

$QWRQL0D&RQFHSWLRQGெXQPRGXOHGெHQFOHQFKHPHQWLQIRUPDWLTXHpOpPHQWGHEDVHGHSRVWHVGெDLJXLOODJHLQIRUPDWLTXHV
FRQoXVSDUOD61&)±5HYXH*pQpUDOHGHV&KHPLQVGH)HU

$QWRQL0E6pFXULVDWLRQGHVDUFKLWHFWXUHVLQIRUPDWLTXHV±H[HPSOHVFRQFUHWVª/LYUH+HUPqV6FLHQFHV,6%1
&KDSLWUH

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$QWRQL0 F 3HWULQHW]EDVLHUWH 9DOLGDWLRQ YRQ (LVHQEDKQVLFKHUXQJVV\VWHPHQ  9DOLGDWLRQ G
DXWRPDWLVPHV IHUURYLDLUHV GH
VpFXULWpjEDVHGHUpVHDX[GH3HWUL7KqVHGHGRFWRUDW78%6

%HKP3%HQRLW3)DLYUH$	0H\QDGLHU-00(7(25$VXFFHVVIXODSSOLFDWLRQRI%LQDODUJHSURMHFW,Q:LQJ
-0:RRGFRFN-'DYLHV-(GV3URFHHGLQJVRI)0¶:RUOG&RQJUHVVRQ)RUPDO0HWKRGV1RLQ/HFWXUH1RWHV
LQ&RPSXWHU6FLHQFH6SULQJHU9HUODJ6SULQJHU9HUODJSS±

%HKQLD67HVWGHPRGqOHVIRUPHOVHQ%FDGUHWKpRULTXHHWFULWqUHVGHFRXYHUWXUHV7KqVHGH'RFWRUDW,QVWLWXW1DWLRQDO
3RO\WHFKQLTXHGH7RXORXVH

%HUWKRPLHX%	'LD]00RGHOLQJDQGYHULILFDWLRQRIWLPHGHSHQGHQWV\VWHPVXVLQJWLPH3HWULQHWV,(((7UDQVDFWLRQV
RQ6RIWZDUH(QJLQHHULQJ±

%RRFK * 5XPEDXJK -( 	 -DFREVRQ , 7KH XQLILHGPRGHOLQJ ODQJXDJH XVHU JXLGH - 'DWDEDVH0DQDJ YRO  Q
SS±

&DUQRW0 'DVLOYD & 'HKERQHL % 	0HMLD )  (UURUIUHH VRIWZDUH GHYHORSPHQW IRU FULWLFDO V\VWHPV XVLQJ WKH %
PHWKRGRORJ\,(((SS±

&ROLQ63HWLW'0DULDQR*	3RLUULH]9%5,//$17DQRSHQVRXUFHSODWIRUPIRU%:RUNVKRSRQ7RRO%XLOGLQJLQ
)RUPDO0HWKRGV

&RPEHQDOH % ³$7/ 8VH &DVH  0RGHOV 9DOLGDWLRQ WKURXJK 3HWUL QHWV 7KH 6LPSOH3'/ WR 7,1$ &DVH 6WXG\´
KWWSZZZHFOLSVHRUJPPDWOXVHFDVHV6LPSOH3'/7LQDIHEUXDU\

'HIRVVH])&ROODUW'XWLOOHXO6	%RQ3³$IRUPDOPRGHORIUHTXLUHPHQWV´7KH2SHQ7UDQVSRUWDWLRQ-RXUQDO
YROSS

'HIRVVH])%RQ3	&ROODUW'XWLOOHXO66DIHW\DQG6HFXULW\:,73UHVVFK7DNLQJDGYDQWDJHRIVRPHFRPSOHPHQWDU\
PRGHOOLQJPHWKRGVWRPHHWFULWLFDOV\VWHPUHTXLUHPHQWVSHFLILFDWLRQSS±

'HKERQHL%	0HMLD))RUPDO'HYHORSPHQWRI6DIHW\&ULWLFDO6RIWZDUH6\VWHPVLQ5DLOZD\6LJQDOOLQJ,Q+LQFKH\
0*%RZHQ-3(GV$SSOLFDWLRQVRI)RUPDO0HWKRGV6HULHVLQ&RPSXWHU6FLHQFH3UHQWLFH+DOO,QWHUQDWLRQDOSS±


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